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ANTENNA CONSTRUCTION, FOR EXAMPLE
FOR AN RFID TRANSPONDER SYSTEM

The present invention relates to an antenna construction
according to the preamble of Claim 1.

The invention also relates to the manufacturing method of
the antenna construction.

The antenna is used, for example, with remote-identifier
circuits.

So far the market of UHF RFID transponders has been
divided into cheap labels and more expensive rigid tags that
are applicable also on metal platform. The typical rigid tran-
sponders are large and expensive and thus applicable only on
big and expensive items. Some small rigid tags have entered
the market but with significantly lower performance than the
big ones.

On today’s market, there are already some small metal-
mountable RFID transponders available. In this context,
“small” can be defined as the footprint area of the transponder
being less than 10 cm? and the maximum dimension being
less than quarter of the wavelength (86 mm @ 867 MHz).
Generally, the problem with these small tags is that making a
transponder small in size always leads to some compromises.
Practically, these compromises reduce the read range which is
the key parameter for evaluating the reliability and perfor-
mance of a passive RFID system.

First of all, the radiation efficiency of the transponder is
reduced by the size limitation. This is basically a physical fact
that cannot be fully overcome, only minimized by e.g. opti-
mal materials. But with very small antennas, the poor imped-
ance match between the microchip and the antenna typically
causes even greater part of the loss in read range than the
reduced radiation efficiency. The conjugate impedance cou-
pling between the antenna and the microchip that is needed
for optimal operation typically cannot be achieved with avery
small antenna and the current methods. The most typical
solution with very small tags is to provide only reactive cou-
pling, which is a partial solution. In the case of more complex
radio systems with antennas, such as mobile devices and base
stations, this impedance match needed is often achieved using
discrete components (capacitors and inductors) or microstrip
elements. For small RFID tags, microstrip elements are a way
too large. Discrete components would be small enough, but
they are out of question for cost and processability reasons.

The small metal-mount transponders existing on today’s
market have somewhat compromised performance. Addition-
ally to the low radiation efficiency of the small antenna, their
read range is remarkably decreased by the poor impedance
match between the microchip and the antenna.

There are several different types of RFID transponder:
passive, semipassive (or battery assisted passive) and active,
as well as those to which a connection can be made induc-
tively, capacitively, or with the aid of a radio-frequency radia-
tion field. Passive transponders generate the electrical energy
they need from the RF field aimed at them. In active and
semipassive transponders, there is a separate battery or other
power supply. Inductively connected RFID and remote sensor
systems typically operate at frequencies of 100-125 kHz or
13.56 MHz.

The most preferred embodiments of the present invention
relate to passive RFID transponders readable using a radio-
frequency radiation field, but the antenna type is advanta-
geous in all applications in which the antenna is required to
have a long reading distance combined with smallsize, and to
be able to be attached to some base, for example, the surface
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2

of goods or packages. Such a surface is usually flat. The
frequencies most advantageously suitable for the invention
are 869 MHz and 2.45 Ghz.

An RFID transponder is a small device comprising an
antenna and a microcircuit with a memory, which transmits
the contents of its memory by backscattering, when it receives
a transmit command from a reading device and the reading
device illuminates it with a radio signal. In a passive RFID
transponder there is no battery, instead it draws the operating
power it requires from the radio signal transmitted to it. The
transmission of power and information between the transpon-
der and the reading device can take place with the aid of a
magnetic field, an electrical field, or a radiating radio signal.
In many transponder applications, it is important for the dis-
tance between the reader and the transponder to be long—
even up to several meters.

The present invention is intended to eliminate at least some
defects of the prior art to create an entirely new type of
antenna and method for manufacturing the antenna.

The invention is about technical solutions that enable a
high-performance, small and low-cost all-platform transpon-
der especially for long range operation.

The invention is based on using magnetic dipole as an
antenna (radiator) in a long range RFID transponder. In the
advantageous solution of the invention, conjugate impedance
match is formed from the radiator to the microchip by a
capacitive impedance transformer by integrated part of the
antenna. The resistive part of the feed impedance of a small
magnetic dipole (loop) antenna is very low. Reactance of this
type of an antenna is positive and very high compared to the
resistance. The impedance of the microchip, on the other
hand, is capacitive and the real part is higher than the one of
the non-matched loop antenna. This makes it possible to
achieve perfect conjugate impedance match between the
magnetic dipole antenna and the microchip by using a capaci-
tive impedance transformer. The new way of making the
antenna provides this capacitive transformer and thus perfect
impedance match as a part of the antenna without any external
elements.

The invention is about an all-platform UHF RFID tran-
sponder (or tag) which is small in size but still provides a long
read range. The invention also contains solutions to enable
low-cost and high-repeatability manufacturing process of the
transponder. The good performance and platform tolerance is
based on utilizing magnetic dipole as the radiator and even
more importantly, providing conjugate impedance match
between the antenna and the microchip. This is typically
difficult with very small transponders. The impedance match
is achieved with a new way of implementing an impedance
transformer. This is achieved with standard processes and
inexpensive and common materials.

More specifically, the antenna construction according to
the invention is characterized by what is stated in the charac-
terizing portion of Claim 1.

The method according to the invention is, in turn, charac-
terized by what is stated in the characterizing portion of Claim
10.

Considerable advantages are gained with the aid of the
invention.

As long read range, small size, platform tolerance and low
cost can be achieved by the present invention.

Lots of e.g. metal objects can be tagged with a transponder
that is a lot smaller and cheaper than transponders so far with
corresponding read range.

The antenna type is therefore immune to the surface to
which it is attached. The antenna type according to the
embodiments of the invention is also economical to manufac-
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ture. In addition, the sensor structure can also be easily and at
low cost combined, for example with RFID electronics.

In the following, the invention is examined with the aid of
examples of embodiments according to the accompanying
figures.

FIG. 1 shows a perspective view one antenna structure in
accordance with the invention.

FIG. 2 shows a cross sectional side view of one antenna
structure according to the invention.

FIG. 3 shows schematically an equivalent circuit of the
transponder in accordance with the invention.

FIG. 4 shows a perspective view another antenna structure
in accordance with the invention.

FIG. 5 shows as a top view another antenna structure in
accordance with the invention.

FIG. 6a shows as a top view in more detail one possible
embodiment of FIG. 4.

FIG. 65 shows as a top view one preferred embodiment of
FIG. 4

In the small transponder according to the invention, the
basic idea is to make the impedance matching without costly
discrete components. The capacitors needed for impedance
matching are formed by metal and dielectric layers of the
antenna structure, thus integrating them as a part of the tran-
sponder instead of using expensive additional elements. With
this type of integrated capacitors, very high Q values can be
achieved as their area can be large compared to surface mount
components, and the contact resistances are negligible. The
invention also comprises a new principle of combining the
microchip, integrated capacitors and the antenna itself, which
keeps the structure still simple and easy to process. The tag
can be made e.g. by wrapping a flexible inlay around a piece
of'plastic. Also a printed circuit board technology can be used
for fabrication. In this latter case only two vias through the
whole board at the ends of the tag are needed. Any special
materials such as materials with high permittivity (that are
sometimes used for small transponders) are not needed.
Instead, cheap plastics such as PE or PP are very good sub-
strate materials for a transponder. The flexible inlays with
metal pattern and microchip can be made using inexpensive
standard roll-to-toll processes that exist because of their use
for manufacturing label transponders. The freedom to use
integrated discrete capacitances to adjust the impedance for
the microchip allows us to use magnetic dipole as the radiator
with still being able to obtain the right impedance for the
microchip. Vertical magnetic loop, technically a magnetic
dipole, is a very efficient radiator in small size. It is also very
immune to near field disturbances unlike the electric dipole.
Therefore the transponder can easily be made platform toler-
ant, allowing the use of the transponder also on metal surface,
which is the most challenging mounting platform for an RFID
transponder. The only big problem of a magnetic dipole, too
low feed impedance for a microchip, can now be overcome by
the impedance transformer formed by the integrated capaci-
tors. The method of forming the capacitors for the impedance
transformer makes it possible to easily vary the capacitance
values and thus match various impedances. Consequently, the
size of the antenna itself can be selected freely based on e.g.
the needs of a particular application.

One general problem with very small transponders, espe-
cially in this case with high internal Q values, is the narrow
bandwidth of the antenna. This sets challenging requirements
for the tolerances of the fabrication process, as a small change
in dimensioning can cause large reduce in the read range. The
transponder according to the invention also includes a solu-
tion to this problem. As the typical fabrication error in this
type of processes is the misalignment between metal layers,
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the capacitors are made asymmetrical so that their shearing
area won’t change although the layers would be misaligned in
respect to each other.

The structure of the transponder is depicted in the figures
below. In FIG. 1 there is a perspective view of the structure
with transparent interlayer of an actual functional prototype
of'a transponder, fabricated by bending an antenna conductor,
in this case a foil inlay 1 around a substrate 3 in a form of
plastic brick. FIG. 2 shows the side view of the transponder
fabricated by bending. The transponder 10 comprises an inlay
1 that contains the metal pattern on a thin plastic carrier foil 5
and the microchip 2. This thin and flexible inlay 1 is wrapped
around a plastic brick 3 for forming the antenna structure 15
and the impedance forming capacitors 11a and 115. The
impedance transforming capacitors 11a and 115 are formed
by the inlay 1 overlapping itself in areas points 4a and 4b.
Referring to above, one idea of the invention is to make the
upper and lower electrodes of each connection capacitor
asymmetric such that one electrode, typically the embedded
one is larger and the other, smaller one is manufactured on the
area of the larger electrode. By this way the smaller electrode
defines the capacitance value of the capacitor. By selecting
the smaller electrode such its area is easy to manufacture
precisely or tune afterwards precisely, a very good coupling
between the microchip 2 and antenna 15 can be achieved. In
other words the electrode pairs 11a and 115 of the capacitors
are formed by electrodes of different areas. In the picture
there is an optional thin plastic sheet 5 between the overlap-
ping parts of the inlay. The material of the plastic carrier of the
inlay as well as the dimensioning can be selected so that this
additional part will not be needed. The equivalent circuit of
the structure is shown in FIG. 3. Since the small magnetic
loop radiator is inductive, it is represented by a series con-
nection of the antenna inductance La and the antenna resis-
tance Ra. The integrated capacitor Cp (parallel capacitance)
equals 115 of FIG. 2 and Cs (series capacitance) equals 11a.

Alternatively, in accordance with FIG. 5, the coupling elec-
trodes 11a and 115 may be formed in the same plane in a form
of parallel finger electrodes having a long, narrow curved
electrode gap 30. The value of capacitors 11a and 115 can be
adjusted by the length and the width of the gap 30.

FIG. 4 represents the similar structure fabricated by printed
circuit board (PCB) technology. Using this technology, the
transponder contains an antenna conductor 1 of three metal
layers for forming the antenna structure 15 and the impedance
transforming capacitors 11a and 115: ground layer 13, mid
layer 14 and top layer 15. These layers are connected to each
other by vias 12. This is also a cross sectional view of an
actual prototype. The size of the both transponder prototypes
(FIG. 1. and FIG. 4.) is 50 mm*10 mm*3 mm, but the tech-
nology enables also transponders that are smaller. The small-
est prototype designed using this technology and inexpensive
standard materials has been 9 mm*9 mm®*3 mm in size.

The invention enables various sizes and form factors for a
transponder. They can be fixed according to the customer’s
and application based need. Prototypes (size in mm) from
50*10%3 mm> down to 9*9%3 mm®> have been designed.

InFIG. 6a is presented the problem solved by one preferred
embodiment of the invention. In FIG. 6a the conducting top
layer 15 is not aligned with the conducting mid layer 14 and
therefore the designed value for capacitor 115 is not obtained
but the capacitance of the capacitor 115 is smaller than
designed.

InFIG. 65 this alignment problem is solved by forming the
conducting mid layer 14 smaller and in the middle in the area
of'the capacitor 115. In other words one of the two electrodes
is made smaller but also in such position that the larger
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electrode totally overlaps in a normal manufacturing process.
By this way a small misalignment of the top layer 15 does not
affect to the capacitance value of capacitor 1156. Correspond-
ingly the top layer 15 can be made smaller while the mid layer
14 is kept larger than the top layer in the area of the capacitor
115.

All the technology needed for PCB process based fabrica-
tion is readily available, and the major fabrication related
problems have been solved. The alternative fabrication
method by bending has not been implemented with any com-
mercial partner yet.

This invention is intended for long range RFID transpon-
ders meaning transponders capable for reading ranges over 1
meter.

In one concrete solution of the invention the dimensions of
the structure are as follows for a 867 MHz transponder:
Loop area (cross section of the loop): 50 mm*3 mm
gap of capacitor 11a: 0.2 mm
gap of capacitor 115: 0.2 mm
effective area of capacitor 11a: 5 mm?®
effective area of capacitor 115: 6 mm?>
With a prototype of these parameters, read range of 4 m has
been measured (using NXP Ucode G2XM microchip).

The invention claimed is:

1. An antenna construction for an RFID chip for long
ranges, which comprises

a substrate,

a magnetic pole antenna of conducting material supported

by the substrate, and

a coupling means for coupling the antenna to a circuit, said

coupling means being formed by overlapping exten-
sions of the antenna by electrode pairs of different but
completely overlapping areas, whereby a smaller elec-
trode in each electrode pair defines a capacitance value
for the pair,
wherein one electrode pair is connected between and in series
with the antenna and an RFID chip, and another electrode pair
is connected with the antenna in parallel.

2. An antenna construction according to claim 1, wherein
the coupling means are formed by parallel extensions of the
antenna.

3. An antenna construction according to claim 2, further
comprising a microchip.

4. An antenna construction according to claim 1, further
comprising a microchip.
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5. An antenna construction according to claim 1, wherein
the antenna and coupling means are formed by wrapping a
conducting layer around the substrate.

6. An antenna construction according to claim 1, wherein
the antenna and coupling means are formed by printed circuit
board technology.

7. An antenna construction according to claim 6, wherein
vias are used for connecting different conductive layers form-
ing the antenna.

8. An antenna construction according to claim 1, wherein
conjugate impedance match between the microchip and the
antenna is implemented by using a capacitive impedance
transformer integrated in the antenna.

9. Use of the antenna defined in claim 1 on a platform such
that a magnetic field caused by the antenna is arranged essen-
tially parallel with the platform in order to minimize an influ-
ence of the platform’s material.

10. A method for forming an antenna construction for a
RFID chip for long ranges, which method includes steps for

forming a magnetic pole antenna of conducting material on

a substrate, and
forming a coupling means for coupling the antenna to a

circuit by overlapping extensions of the antenna by elec-
trode pairs of different but completely overlapping
areas, whereby a smaller electrode in each electrode pair
defines a capacitance value for the pair,

wherein one electrode pair is connected between and in series

with the antenna and an RFID chip, and another electrode pair

is connected with the antenna in parallel.

11. A method according to claim 10, wherein the coupling
means are formed by parallel extensions of the antenna.

12. A method according to claim 10, wherein a microchip
is connected to the coupling means.

13. A method according to claim 10, wherein the antenna
and coupling means are formed by wrapping a conducting
layer around a substrate.

14. A method according to claim 10, wherein the antenna
and coupling means are formed by printed circuit board tech-
nology.

15. A method according to claim 14, wherein vias are used
for connecting different conductive layers forming the
antenna.

16. A method according to claim 10, further comprising
implementing conjugate impedance match between the
microchip and the antenna by using a capacitive impedance
transformer integrated in the antenna.
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